Spinal cord neurons can support a simple form of instrumental learning. In this paradigm, rats completely transected at the second thoracic vertebra learn to minimize shock exposure by maintaining a hindlimb in a flexed position. Prior exposure to uncontrollable shock (shock independent of leg position) disrupts this learning. This learning deficit lasts for at least 24 h and depends on the NMDA receptor. Intrathecal application of an opioid antagonist blocks the expression, but not the induction, of the learning deficit. A comparison of selective opioid antagonists implicated the kappa-opioid receptor. The present experiments further explore how opioids affect spinal instrumental learning using selective opioid agonists. Male Sprague-Dawley rats were given an intrathecal injection (30 nmol) of a kappa-1 (U69593), a kappa-2 (GR89696), a mu (DAMGO), or a delta opioid receptor agonist (DPDPE) 10 min prior to instrumental testing. Only the kappa-2 opioid receptor agonist GR89696 inhibited acquisition (Experiment 1). GR89696 inhibited learning in a dose-dependent fashion (Experiment 2), but had no effect on instrumental performance in previously trained subjects (Experiment 3). Pretreatment with an opioid antagonist (naltrexone) blocked the GR89696-induced learning deficit (Experiment 4). Administration of GR89696 did not produce a lasting impairment (Experiment 5) and a moderate dose of GR89696 (6 nmol) reduced the adverse consequences of uncontrollable nociceptive stimulation (Experiment 6). The results suggest that a kappa-2 opioid agonist inhibits neural modifications within the spinal cord.
Introduction
Recovery after a spinal cord injury is influenced by events that impact neural activity below the injury (Edgerton, Tillakartne, Bigbee, de Leon, & Roy, 2004; Hodgson, Roy, de Leon, Dobkin, & Edgerton, 1994; Wernig, Muller, Nanassy, & Cagol, 1995) . Evidence suggests that regular, response-contingent, training can foster recovery (Edgerton et al., 2004; Hook & Grau, 2007) , whereas exposure to uncontrollable stimulations has an adverse effect that impedes recovery (Grau et al., 2004) . To examine how controllable versus uncontrollable stimulation affects spinal circuits (for a recent review, see Grau et al., 2006) , we isolate the lower (lumbo-sacral) spinal cord from the brain by means of a mid-thoracic transection in the rat. When transected (spinalized) rats are given shock to the tibialis anterior muscle of one hind leg whenever the leg is extended (controllable shock), they exhibit a progressive increase in flexion duration that minimizes net shock exposure (Grau, Barstow, & Joynes, 1998) . Evidence indicates that this learning depends on the relationship between leg position (the response) and shock onset (the reinforcer) and reflects a simple form of instrumental conditioning. Interestingly, when shock is applied independent of leg position (uncontrollable shock), rats not only fail to learn, they exhibit a learning deficit that blocks subsequent instrumental
